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Inﬂuenza-associated  acute  lower  respiratory  infections  cause  a  considerable  burden  of disease  in rural
and urban  sub-Saharan  Africa  communities  with  the  greatest  burden  among  children.  Currently,  vacci-
nation  is  the  best  way  to  prevent  inﬂuenza  infection  and  accompanying  morbidities.
We  examined  geographic,  socio-economic  and  demographic  factors  that  contributed  to acceptance  of
childhood  seasonal  inﬂuenza  vaccination  among  children  living  in  a  population-based  morbidity  surveil-
lance  system  in rural  western  Kenya,  where  inﬂuenza  vaccine  was  offered  free-of-charge  to  children  6
months–10  years  old  from  April  to June,  2011.  We  evaluated  associations  between  maternal  and  house-
hold  demographic  variables,  socio-economic  status,  and  distance  from  home  to vaccination  clinics  with
family  vaccination  status.
7249  children  from  3735  households  were  eligible  for  vaccination.  Of these,  2675  (36.9%)  were  fully
vaccinated,  506  (7.0%)  were  partially  vaccinated  and  4068  (56.1%)  were  not  vaccinated.  Children  living
in  households  located  >5 km radius  from  the vaccination  facilities  were  signiﬁcantly  less  likely  to be
vaccinated  (aOR  = 0.70;  95%  CI  0.54–0.91;  p =  0.007).  Children  with  mothers  aged  25–34  and  35–44 years
were  more  likely  to be  vaccinated  than  children  with  mothers  less  than  25  years  of  age  (aOR  = 1.36;
95%  CI 1.15–1.62;  p <  0.001;  and  aOR  =  1.35;  95%  CI 1.10–1.64;  p  = 0.003,  respectively).  Finally,  children
aged  2–5  years  and  >5 years  of  age  (aOR  =  1.38;  95%  CI  1.20–1.59;  p < 0.001;  and  aOR  =  1.41;  95%  CI
1.23–1.63;  p  <  0.001,  respectively)  and who  had  a sibling  hospitalized  within  the past  year  (aOR  = 1.73;
95%  CI 1.40–2.14;  p  < 0.001)  were  more  likely  to be vaccinated.
Shorter  distance  from  the  vaccination  center,  older  maternal  and child  age,  household  administrator’s
occupation  that  did  not  require  them  to  be  away  from  the  home,  and  having  a  sibling  hospitalized  during
the  past  year  were  associated  with  increased  likelihood  of  vaccination  against  inﬂuenza  in western  Kenya.
These  ﬁndings  should  inform  the  design  of  future  childhood  seasonal  inﬂuenza  vaccination  campaigns
in rural  Kenya,  and perhaps  elsewhere  in  Africa. This is an open-access article distributed under the terms of the Creative
ommons Attribution-NonCommercial-ShareAlike License, which permits non-
ommercial use, distribution, and reproduction in any medium, provided the
riginal author and source are credited.
∗ Corresponding author at: KEMRI/CDC Program, P.O. Box 1578, 40100 Kisumu,
enya. Tel.: +254 720661245.
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1. Introduction
An estimated 28,000–111,500 children younger than ﬁve years
old died worldwide in 2008 due to causes attributable to inﬂuenza-
associated acute lower respiratory infections (ALRI), and 99% of
these deaths occurred in developing countries [1]. While the
burden of inﬂuenza has traditionally been assumed to be minor
in Africa with respect to other causes of severe disease, global
concerns surrounding inﬂuenza A (H5N1) and pandemic prepared-
ness provided resources to support surveillance systems that have
better characterized the epidemiology of inﬂuenza in Africa [2].
reserved.
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urveillance reports from the Cote d’ Ivoire, Democratic Republic of
ongo, Gabon, Gambia, Kenya, Madagascar, and Senegal all indicate
hat inﬂuenza circulates annually in Africa, causing regular epi-
emics [3]. Many other countries in Africa including Ghana, Egypt
nd Morocco, also have some limited data on inﬂuenza circula-
ion [4]. A trivalent inﬂuenza vaccine is commercially available in
enya. However in this country of 37 million people, the Govern-
ent does not yet routinely procure inﬂuenza vaccine, as inﬂuenza
accination is not covered by Kenya’s Expanded Programme on
mmunization. Fewer than 40,000 doses are sold annually within
he private sector [5].
Vaccination is currently the most cost-effective intervention to
educe hospitalization and treatment costs due to inﬂuenza [6].
hile the Expanded Programme on Immunization successfully
ed the eradication of smallpox [7] and has made immense pub-
ic health gains by reducing the burden of poliomyelitis, measles,
iphtheria and pertussis, inﬂuenza remains prevalent in develop-
ng countries. The World Health Organization’s Strategic Advisory
roup of Experts (SAGE) on immunization recommends that chil-
ren aged 6 months–5 years be vaccinated against inﬂuenza
nnually [8], and that immunologically naive children be given two
oses of vaccine. SAGE further stresses the prioritization for vacci-
ation based on burden of disease, cost-effectiveness, feasibility
nd other appropriate considerations. Inﬂuenza is found in 10% of
evere Acute Respiratory Illness (SARI) cases in Africa and children
ged less than 5 years old account for approximately half of all
nﬂuenza-like illness (ILI) and SARI cases [9]. Furthermore, surveil-
ance data in Kenya suggest ALRI cause a considerable burden of
isease in rural and urban communities, with the greatest burden
mong children [10].
Although routine vaccination is a major tool in the primary
revention of inﬂuenza [11,12], a signiﬁcant proportion of the
opulation is reluctant to receive vaccines [13,14]. We  exam-
ned demographic, socio-economic and geographic factors that
ontributed to acceptance of childhood seasonal inﬂuenza vacci-
ation among families in rural western Kenya. Existing literature
rom other countries suggest important determinants of childhood
accine uptake [15–20]. Analyses from demographic and surveil-
ance systems (DSS) have found different socio-demographic
actors associated with childhood vaccination; In Bangladesh,
iphtheria–tetanus–pertussis and oral polio vaccination were inde-
endently associated with higher maternal age, lower maternal
ducation and birth order of the child [15]. In Malawi, maternal
ducation was found to be among major determinants of the immu-
ization status of the child [16], Moreover, ﬁndings from DSS in
hana showed positive relationship between socio-economic sta-
us and vaccination status [17].
Cross-sectional surveys have similarly suggested important
eterminants of childhood vaccination; a survey in Khartoum
tate of Sudan observed an increased vaccination rate with an
ncrease in the age of the children and the education level of
he mother, subsequently children of older mothers were more
ikely to have had the correct vaccinations [18]. A survey in
hana found distance to be the most important factor that inﬂu-
nces the utilization of health services [19]. Moreover, a survey
n Kenya found that immunization rate ratios were reduced
ith every kilometer of distance from home to vaccine clinic
20]. Researches on factors associated with vaccination among
hildren in Africa have focused on vaccinations covered by EPI
rograms. None of these studies, however, draws attention on
he issue raised in our work and to best of our knowledge deter-
inants of childhood vaccination in the context of inﬂuenza
accination remains an ignored expedition for sub-Saharan Africa.
nderstanding the determinants of children’s vaccine uptake in
enya is therefore important for guiding future immunization
olicies.2 (2014) 6699–6704
2. Materials and methods
2.1. Study site and population
The CDC’s International Emerging Infections Program in col-
laboration with KEMRI has conducted population-based infectious
disease surveillance (PBIDS) in Asembo Division, Siaya County since
late 2005 [21]. Asembo has an area of 200 km2 and lies northeast
of Lake Victoria in Nyanza Province in western Kenya. The PBIDS
area comprises approximately 100 km2 with an overall population
density of about 325 persons per square kilometer. The surveil-
lance population includes approximately 25,000 persons living in
33 villages. All study participants must have resided permanently
in the area for 4 calendar months and have been registered into the
KEMRI/CDC Health and Demographic Surveillance System (HDSS)
[22]. The population is predominantly subsistence farmers and ﬁsh-
ermen belonging to the Luo ethnic group. Rain falls year-round, but
is usually heaviest between March and May, with a second smaller
peak in October and November [23]. The area has high child mortal-
ity; in 2009, it had a mortality ratio of 180.5 per 1000 live births in
children under age ﬁve [24]. At the time of the vaccination cam-
paign, Asembo still had no paved roads, except on its northern
border. Few public transport vehicles serviced the area and walking
was the most common mode of transport.
KEMRI/CDC established the HDSS in 2001 with an objective of
providing an infrastructure for future evaluation of population-
based public health interventions [22]. Data generated by the HDSS
stratiﬁed by age, sex, socio-economic status (SES), educational
level, and geographic location can be used to generate hypotheses
and address the causes of morbidity and mortality in subgroups
of the population. The SES score is derived using multiple com-
ponent analysis (MCA) [25], for all households under HDSS. The
MCA  is generated based on household assets, namely occupation of
household head, primary source of drinking water, main source of
cooking fuel, in-house possession (lantern lamp, sofa, radio bicycles
and TV) and livestock ownership (goats, cattle, donkeys, pigs and
sheep). All houses in the HDSS area were mapped using a differen-
tial global positioning system (GPS) as part of the insecticide treated
net malaria trial [26], and maps are updated at least annually to take
account of new construction.
We implemented a seasonal inﬂuenza vaccination campaign
from April 4 to June 24, 2011, offering free trivalent inactivated
inﬂuenza vaccine to children aged 6 months–10 years old who
are participants of the population-based morbidity surveillance in
rural western Kenya. The trivalent vaccine included a pandemic
inﬂuenza A (H1N1) 2009 component, an inﬂuenza A (H3N2) com-
ponent and an inﬂuenza B component. Children aged 6 months–8
years, and those that were vaccine naive, were scheduled to receive
2 doses while those aged 9–10 years old were scheduled to receive
only one dose. The two  doses were administered 4 weeks apart.
Inﬂuenza vaccines were administered from three designated health
facilities; St. Elizabeth Lwak Mission Hospital, Mahaya Health Cen-
ter and Ong’ielo Sub-district Hospital. These three health facilities
are spread within the surveillance area to allow ease in access to
healthcare. The vaccines were available at the facilities on week-
days from 9 am to 3 pm.
Community members, hired and trained by KEMRI/CDC on
standardized and consistent messages conducted a community
sensitization campaign one month prior to vaccine administration
through door-to-door mobilization of all households with eligi-
ble children; ﬂiers were left behind in homes where parents were
away at the time of mobilization. We also held meetings with
community members and distributed posters and ﬂiers at market
places, schools and health facilities within the surveillance area.
Mobilization messages included signs and symptoms of seasonal
inﬂuenza, ways of preventing and controlling inﬂuenza, beneﬁts
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Table 1
Demographic characteristics of study population, Kenya, 2011.
n %
Maternal age (N = 3735)
<25 years 965 25.8
25–34 years 1589 42.5
35–44 years 889 23.8
>44  years 292 7.8
Maternal education (N = 3735)
No education 83 2.2
Primary education 2819 75.5
Secondary/high school education 769 20.6
Post secondary/high school education 64 1.7
Children’s age (N = 7249)
<2 years 948 13.1
2–5  years 2264 31.2
>5  years 4037 55.7
Occupation of household administrator (N = 7249)
Business owner (duka, kiosk, jua-kali) 233 3.2
Commercial farming 52 0.7
Fisher 199 2.8
Housewife 42 0.6
Not  working 34 0.5
Other 85 1.2
Salaried worker (teacher, nurse, ofﬁce) 501 6.9
Skilled labor (carpenter, tailor) 581 8.0
Small business (sell maize) 933 12.9N.A. Otieno et al. / Vac
f seasonal inﬂuenza vaccine and designated clinics for seasonal
nﬂuenza vaccination. Mobilization continued throughout the vac-
ination administration period. Data on vaccination were collected
t 3 vaccination clinics by use of netbooks.
.2. Statistical analysis
We  used existing geo-codes mapped by the HDSS to calculate
adial distances from homesteads to each of the three health facili-
ies in order to evaluate the impact of distance from residence to the
earest vaccination center on vaccination status. Demographic and
ocio-economic variables were analyzed as covariates through link-
ge to the HDSS database. Bivariate and multivariate associations
etween the independent variables and a three-level dependent
ariable of vaccination uptake (fully, partially and not vaccinated)
ere evaluated. Fully vaccinated children were deﬁned as having
eceived all of the required doses of the inﬂuenza vaccine. Partially
accinated children were deﬁned as children receiving only one
ose of vaccine when two doses were required. Non-vaccinated
hildren did not receive any doses of inﬂuenza vaccine. Data were
nalyzed using SAS version 9.2 (SAS Institute, Cary, NC, USA) soft-
are package.
In our initial bivariate analyses, independent variables were
ompared with the three levels of child vaccination status. Inde-
endent variables included maternal and household demographic
ariables (maternal and child age, maternal education, household
ccupation, sibling death and hospital admission reported within
ne year prior to vaccination), socio-economic status, and radial
istance in kilometers from home to the nearest vaccination clinic.
e considered the occupation of the household administrator in
he family to be the household occupation. Household adminis-
rator was deﬁned as the member of the household who makes
he day-to-day decisions in the household and manages it in the
bsence of or on behalf of the head of the household. We also
lassiﬁed household occupations into two categories: those that
equired the administrator of household to be away from home
uring vaccination clinic hours of operation (such as teaching, nurs-
ng and ﬁshing) and those that did not require the administrator
f household to be away from home (such as local subsistence
arming or agricultural work, local small business operations, or no
ccupation). Associations between independent variables and vac-
ination status were interpreted using odds ratios (OR) and their
5% conﬁdence intervals (CI), the OR presented were common for
ully, partially and non-vaccination statuses. Following bivariate
nalyses, logistic regression analyses (with an ordinal outcome of
ully, partially and non-vaccinated statuses of the children) were
erformed using the GENMOD procedure, taking into account the
lustering of fully, partially, and unvaccinated children within fam-
lies and households. Variables that were signiﬁcant at p < 0.2 in
he bivariate analyses were included in the multivariable model.
indings were considered statistically signiﬁcant if the p-value was
0.05 in the multivariable model.
.3. Ethical clearance
The study protocol was reviewed and approved by the institu-
ional review boards of KEMRI (Nairobi, Kenya) and CDC (Atlanta,
A). Written informed consent was obtained for linkage of par-
icipants’ vaccination data with the health and demographic
urveillance system database.
. ResultsA total of 7249 children from 3735 households were targeted for
accination. Of these, 2264 children (31.2%) were aged 2–4 years
ld, 2120 (29.3%) children were aged 5–8 years old and 1917 (26.5%)Subsistence farming 3894 53.7
Unskilled labor (Shamba, construction) 695 9.6
children were above 8 years (Table 1). Only 948 (13.1%) children
were below 2 years old. The mean age of the children was  5.7 years,
with a range of 6 months–10.9 years.
Demographic data were analyzed for 3735 mothers (Table 1).
The mean maternal age was  32 years (range 15–57 years). Over-
all, 2819 (75.5%) mothers had a primary level of education, 83
(2.2%) mothers reported no education. The median distance trav-
eled by parents/caretakers to the nearest vaccination clinic was
2.5 km with a range of 0.02–6.19 km.  6711/7249 (92.6%) children
lived within a 5 km radius from the nearest vaccination facility. The
majority of the household administrators were subsistence farmers
(3894/7249, 53.7%) (Table 1). Seventy-six of 7249 (1.0%) household
administrators did not have any occupation, while for 85 persons
(1.2%) occupation was not classiﬁed. Of the 7249 children eligible
for vaccination, 2675 (36.9%) were fully vaccinated, 506 (7.0%) were
partially vaccinated and 4068 (56.1%) were not vaccinated.
Bivariate analyses of demographic variables indicated that
mothers with post-secondary education, younger mothers, and
mothers of younger children were signiﬁcantly less likely to
bring their children for vaccination (Table 2). With regard to
socio-demographic and geographic variables, bivariate analyses
indicated that children from households with fewer children
(median = 2; range, 1–6), children from households that were
located more than 5 km from the nearest vaccination facility, and
children from households who had a household administrator
whose occupation required them to be away from home were less
likely to be vaccinated. Children with siblings who had been hospi-
talized in the past year were more likely to be vaccinated (Table 2).
Multivariate analyses (Table 3) indicated that children living
>5 km from the nearest vaccination site remained signiﬁcantly less
likely to be vaccinated [aOR = 0.70; 95% CI 0.54–0.91; p = 0.007).
In addition, children of household administrators whose occupa-
tion required them to be away from home were less likely to
be vaccinated than those who  came from households where the
household administrator did not work or whose nature of work
did not require that they be away from home (aOR = 0.84; 95% CI
0.72–0.99; p = 0.032) (Table 3). Children with mothers aged 25–34
and 35–44 years were more likely to be vaccinated than children
6702 N.A. Otieno et al. / Vaccine 32 (2014) 6699–6704
Table 2
Bivariate analysis: demographic, geographic and socio-economic variables by inﬂuenza vaccine uptake, 2011.
Fully vaccinated (N = 2675) Partially vaccinated (N = 506) Non-vaccinated (N = 4068) Crude OR (95% CI) p-Value
n  (%), median (range) n (%), median (range) n (%), median (range)
Age of child
<2 years 211 (22.3) 164 (17.3) 573 (60.4) Ref
2–5  years 823 (36.3) 174 (7.7) 1267 (56.0) 1.39 (1.21, 1.59) <0.001
>5  years 1641 (40.6) 168 (4.2) 2228 (55.2) 1.53 (1.34, 1.74) <0.001
Age  of mother in years
<25 years 393 (27.7) 143 (10.1) 883 (62.2) Ref
25–34  years 1377 (38.7) 249 (7.0) 1933 (54.3) 1.46 (1.24, 1.72) <0.001
35–44  years 731 (39.6) 105 (5.7) 1012 (54.7) 1.47 (1.22, 1.77) <0.001
≥45  years 174 (41.1) 9 (2.1) 240 (56.7) 1.44 (1.10, 1.89) 0.008
Mother’s level of education
None 60 (40.0) 8 (5.3) 82 (54.7) Ref
Primary 2115 (37.5) 406 (7.2) 3124 (55.3) 0.94 (0.60, 1.48) 0.792
Secondary 478 (35.0) 90 (6.6) 798 (58.4) 0.84 (0.52, 1.33) 0.453
Post-secondary 22 (25.0) 2 (2.3) 64 (72.7) 0.46 (0.21, 0.98) 0.044
Distance in km to the nearest vaccination site
Live within 5 km radius of clinic 2515 (37.5) 467 (7.0) 3729 (55.5) Ref
Live  outside 5 km radius of clinic 160 (29.7) 39 (7.3) 339 (63.0) 0.73 (0.56, 0.94) 0.015
Socio-economic status (SES) in quintiles
Quintile 1 (poorest) 238 (34.2) 47 (6.8) 411 (59.0) Ref
Quintile 2 362 (36.3) 77 (7.7) 558 (56.0) 1.12 (0.85, 1.47) 0.412
Quintile 3 483 (38.5) 98 (7.8) 675 (53.7) 1.23 (0.94, 1.59) 0.128
Quintile 4 674 (37.6) 136 (7.6) 981 (54.8) 1.18 (0.92, 1.50) 0.187
Quintile 5 (least poor) 918 (36.6) 148 (5.9) 1443 (57.5) 1.08 (0.86, 1.37) 0.507
Occupationa
Not working or nature of work does
not require that they are away
from home
1986 (37.5) 404 (7.6) 2908 (54.9) Ref
Nature of occupation requires that
they are away from home
655 (35.1) 96 (5.1) 1115 (59.8) 0.85 (0.73, 0.99) 0.036
Sibling death
No death reported within 1 year
prior to vaccination
2594 (36.7) 496 (7.0) 3983 (56.3) Ref
Death  reported within 1 year prior to
vaccination
81 (46.0) 10 (5.7) 85 (48.3) 1.42 (0.94, 2.16) 0.100
No.  of children within a household 2 (1–6) 2 (1–6) 1 (1–6) 1.07 (1.02, 1.13) 0.004
Sibling hospital admission
No hospital admission reported
within 1 year prior vaccination
2294 (35.5) 441 (6.8) 3735 (57.7) Ref
Hospital admission reported within 381 (48.9) 65 (8.3) 333 (42.8) 1.78 (1.45, 2.20) <0.001
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a 85 cases with household job not speciﬁed were dropped.
ith mothers <25 years of age (aOR = 1.36; 95% CI 1.15–1.62;
 < 0.001; and aOR = 1.35; 95% CI 1.10–1.64; p = 0.003, respectively).
Children aged 2–5 years and >5 years of age were more likely
o be vaccinated compared with those below two years of age
aOR = 1.38; 95% CI 1.20–1.59; p < 0.001; and aOR = 1.41; 95% CI
.23–1.63; p < 0.001, respectively). Finally, children that had a sib-
ing hospitalized within one year prior to vaccine campaign were
ore likely to be vaccinated than children from households with
o hospitalizations reported within one year prior to the campaign
aOR = 1.73; 95% CI 1.40–2.14; p < 0.001) (Table 3).
. Discussion
Inﬂuenza is a vaccine-preventable cause of medically attended
llness, hospitalizations and death each year in Kenya [10]. Despite
he free distribution of inﬂuenza vaccine to children, we  observed
 vaccine uptake of 37% for fully vaccinated children. While this
ompares favorably to the 33% uptake of seasonal vaccine observed
n the United States during the 2004–2005 inﬂuenza season when
accine was ﬁrst recommended for young children [27], much room
or improvement remains. While economic considerations are crit-
cal to future vaccine campaigns in Africa, behavioral determinants
or seeking immunization are also among the myriad challengesto improving inﬂuenza immunization rates in Africa. These factors
are therefore important to consider in the implementation of future
inﬂuenza vaccines campaigns.
Multiple factors inﬂuence healthcare utilization at clinics,
including cost, distance, quality of care, and severity of illness
[28–31]. In the HDSS in western Kenya, many ill persons do not
utilize free high-quality referral clinics; in 2009 only 30–40% of ill
participants sought care at any clinic and only a half of those went
to designated PBIDS referral clinics [22]. Accessibility to vaccination
services in terms of walking time to the nearest place of vaccina-
tion, the child’s age, age of the mother, and the mother’s education
have been cited as some of the determinants of vaccination in chil-
dren in Africa [18]. Distance to the nearest vaccination facility, the
child’s age and age of the mother clearly also played an important
role in the use of ﬁxed vaccination sites in this Kenyan context.
In this study, as well as previous studies in developing countries
[32,33], greater distance to primary health care facilities was nega-
tively associated with vaccine uptake. In addition to longer transit
distances that must be covered by participants from peripheral vil-
lages, the poor state of roads, especially during rainy seasons [21],
may  have hindered participants’ access to vaccination clinics; the
vaccines were delivered in March–June, which is the primary rainy
season in Kenya. Other studies in developing countries have also
N.A. Otieno et al. / Vaccine 32 (2014) 6699–6704 6703
Table  3
Multivariate analysis: demographic, geographic and socio-economic variables associated with seasonal inﬂuenza vaccine uptake, 2011.
Crude OR (95% CI) p-Value Adjusted ORa (95% CI) p-Value
Distance in km to the nearest vaccination site
Live within 5 km radius of clinic Ref Ref
Live  outside the 5 km radius of clinic 0.73 (0.56, 0.94) 0.015 0.70 (0.54, 0.91) 0.007
Age  of child
<2 years Ref Ref
2–5  years 1.39 (1.21, 1.59) <0.001 1.38 (1.20, 1.59) <0.001
>5  years 1.53 (1.34, 1.74) <0.001 1.41 (1.23, 1.63) <0.001
Age  of mother
<25 years Ref Ref
25–34  years 1.46 (1.24, 1.72) <0.001 1.36 (1.15, 1.62) <0.001
35–44  years 1.47 (1.22, 1.77) <0.001 1.35 (1.10, 1.64) 0.003
≥45  years 1.44 (1.10, 1.89) 0.008 1.30 (0.97, 1.74) 0.075
Mother’s level of education
None Ref Ref
Primary 0.94 (0.60, 1.48) 0.792 0.95 (0.60, 1.52) 0.834
Secondary 0.84 (0.52, 1.33) 0.453 0.89 (0.55, 1.44) 0.632
Post-secondary 0.46 (0.21, 0.98) 0.044 0.52 (0.24, 1.13) 0.097
Occupationa
Not working or nature of work does not require that they are away from home Ref Ref
Nature of occupation requires that they are away from home 0.85 (0.73, 0.99) 0.036 0.84 (0.72, 0.99) 0.032
Sibling death
No death reported within 1 year prior to vaccination Ref Ref
Death reported within 1 year prior to vaccination 1.77 (0.90, 3.47) 0.100 1.48(0.74, 2.96) 0.263
No.  of children within a household 1.07 (1.02, 1.13) 0.004 1.03 (0.98, 1.08) 0.213
Sibling hospital admission
No hospital admission reported within 1 year prior vaccination Ref Ref
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a 85 cases whose house hold occupation could not be classiﬁed were dropped, th
uggested that walking or traveling time and distance are key fac-
ors that inﬂuence the utilization of healthcare services [33,34]. Our
ndings are consistent with evidence that most people will not
ravel further than 5 km to basic preventive and curative care [35].
We found that younger maternal age was negatively associated
ith children’s inﬂuenza vaccine uptake, ﬁndings that have been
escribed in the uptake of other vaccines [18,36]. Studies have sug-
ested that older mothers, independent of their educational level,
ay  be inﬂuenced more by memories of the beneﬁts of past vac-
ination [37], and less by current controversies over vaccinations
38].
Other studies from Africa have found a positive relationship
etween socio-economic status and vaccination status [17,20].
hildren belonging to the wealthiest households have higher vacci-
ation rates for routine childhood vaccines that are given only once
BCG and measles vaccinations). However, socio-economic status
oes not as strongly affect probabilities of children receiving com-
lete coverage with other vaccines that are required to be given in
ultiple doses (polio3, DTP3 and HepB3) [39]. In this study, socio-
conomic status was not a signiﬁcant predictor for vaccination. This
ould be attributed to a lack of variability in this factor in the study
egion with overall low socio-economic status [28], and may  also be
nﬂuenced by the fact that many children required multiple doses
f inﬂuenza vaccine.
In our study, the nature of the administrator of household’s
ccupation was an important factor associated with the vaccina-
ion uptake, children who came from homes where the household
dministrator did not work or, had an occupation that did not
equire them to work away from home, were more likely to vac-
inate their children. This is not surprising, given that people who
ork away from home may  need to take time off work to get their
hildren vaccinated, or to seek medical care. Other studies have also
uggested that parental occupations that keep parents away from
ome may  reduce the likelihood of parents to seek immunization
or their children [40,41].1.78 (1.45, 2.20) <0.001 1.73 (1.40, 2.14) <0.001
 7164 for the adjusted model.
Recent studies of inﬂuenza vaccine uptake in young children
have shown associations of vaccine uptake with the age of child.
Lower rates of inﬂuenza immunization have been observed in chil-
dren younger than two years of age in Canada and the United States
of America [42,43]. These ﬁndings are consistent with our observa-
tion that children aged <2 years were less likely to be vaccinated.
This could be attributed to parental concern that children in this
age group receive too many vaccines [44].
This study had several limitations. Information on paternal edu-
cation was  not sufﬁcient to evaluate the relationship between
paternal education and vaccination status. Additionally we deﬁned
household occupational status based on the occupation of the
household administrator who is a single individual rather than a
composite measure based on the roles of adult household mem-
bers. Moreover, we did not examine vaccination-related attitudes
and knowledge as determinants of vaccine uptake despite existing
literature emphasizing on their role as key determinants of vaccina-
tion decisions neither did we collect information on which parent
nor guardian brought the child for vaccination. However, a sup-
plementary survey is currently underway to help understand the
role of fathers or other male household decision-makers as well
as vaccine-related attitudes in inﬂuenza vaccine uptake. Despite
the considerable burden of inﬂuenza disease from existing litera-
ture, the cost or opportunity cost for an introduction of an inﬂuenza
vaccine is yet to be deﬁned and analyses are currently underway to
describe these costs. Finally, there was  potential for misclassiﬁca-
tion regarding occupations that do or do not result in lots of time
away from home. While further validation of the occupational cat-
egories is warranted, misclassiﬁcation in this variable would likely
place a conservative bias on the observed association.5. Conclusion
We found that demographic, geographical and educational char-
acteristics of mothers and families were important determinants
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months – United States, 2007–08 inﬂuenza season. Morb Mortal Wkly Rep704 N.A. Otieno et al. / Va
f vaccine uptake among children during a seasonal inﬂuenza vac-
ine campaign in Kenya. Future vaccination campaigns will need
o consider ways to adapt vaccination schedules and locations to
ccommodate parents who work outside the home. Finally, mobi-
ization efforts may  also need to more extensively target more
hildren below two years of age since they bear greatest burden of
nﬂuenza and respiratory diseases, and who often require multiple
oses of vaccine.
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